mine whether the instrumental graduations could be relied o n ; and not having had an opportunity of comparing the instrument with any standard barometer in England, I was under the necessity of employing my Geneva observations for that purpose, comparing them with the corresponding indications of the barometer at the Geneva observatory, the height of which I estimated at seventy feet above the spot at which my observations were made. This difference of level will amount tô = • 1 2 8° F a h r .
to be added to the boiling-point as deduced from the height of the barometer. These corresponding observations were THERMOMETER FOR THE DETERMINATION OF RELATIVE HEIGHTS. 123 Geneva.
Observed boiling-point. Mean error .... = -*589 The non-accordance of the errors I am inclined to attribute to the latter pair of ob servations not being simultaneous, mine being made at 6 a .m . and the barometric in dication being deduced from that recorded at 9 a . m ., which is the earliest.
It was at once evident to me that the above error was not likely to afford a con stant correction to be applied to all observations made at different points of the scale, because the lower point of graduation, being necessarily above the freezing-point, must have been determined by reference to a standard thermometer, and it was therefore not at all probable that it would differ from the truth by so large a quantity. An excellent opportunity of proving the truth of this conjecture offered itself at the Con-r vent of the Great St. Bernard, where a register is kept of the variations of the baro metric column. Arranging these as before, I obtain the results:-
Great
St. Bernard. 197*640 *56538 metre. 197*709 -*069 197*680 *56630 metre. 197*787 -*107 There was a difference of level of ten or twelve feet between the two places of obser vation, the first having been made in the salle-5,-manger of the Convent, and the other in one of the dormitories on the next floor where the barometer is fixed. The correction for this change of level is _ +?--*022 548 to be added to the error of the first observation, which becomes then -*091; and the mean error derived from the two observations is -*099.
The instrumental error thus diminishing appears to indicate that there is a point on the scale where it becomes 0, and beyond which, as a correction, it must be ap plied in a negative form; and this point can readily be determined on the principle that the differences of the errors are proportional to the differences of the correspond ing boiling-points; for, calling B the point on the scale at which the error vanishes, b, b', e and e' two other points and their corresponding errors, we have the equation
and, substituting in this the values above found, viz. 5=208*967, b'= 197*64 e--*589, e'= -*099, we find B = 195*363. In order, by means of this result, to determine the correction to be applied as a multiplier to the number of degrees above or below B, it remains to determine the amount of error due to each degree, which, in fact, when its sign is changed, will be the required factor; calling this correction C, we have
It may be remarked, that the principle on which the determination of this correc tion is founded remains unaffected by the supposition that the errors from which it is derived are partly attributable to the diameter of the bore of the thermometer in creasing uniformly in descending; this I have satisfied myself by the usual means to be the case, though to a comparatively trifling amount.
The observations recorded at the Geneva Observatory and those at the Great St. Bernard afford an excellent means of applying my own to the determination of the height of my several stations, since those places present the advantage of being, the one my starting-point, and the other a position central to my series of stations. The readiest way of thus applying them appears to be, to reduce the height of the barometric column as given in millimetres to the form of the corresponding tempe rature of boiling water, by means of De Luc's formula above given, and then, for the determination of the difference of altitude between each station and Geneva,, and the Great St. Bernard, to employ the formula H = {548(5-5')±24D}{l + (^-32)*00222), where D is the difference in degrees between B( = 195*4) and the observed boilingpoint; and the factor 24 is the product 548 X *0433; the sign -f-being used when my own station is lowest and vice versd, because the instrumental error is always one of defect. The discrepancies in many of the above results as compared with the column of previously determined heights are considerable, but it is to be observed that in most cases where the height of the station maybe considered as particularly well-esta blished, the observed height accords with it in a very remarkable manner. This is particularly the case at Geneva (where the height is of course deduced only from that of the Great St. Bernard), at Bonneville, at Chamounix (taking a mean of the six observations, which gives 3442), at the Croix du Bonhomme*, at St. Remy, at the Great St. Bernard and at Brussone: the chief exceptions being at the Mole-k the Montanvert, the Col di Val Dobbia, Orta, Mogadino, Domo d'Ossola, the Simplon Hospice and Brieg, the great differences at which places are to me quite unaccount able, unless on the supposition, in the case of the five last-named, that their distances from the fixed stations were too great to allow of trustworthy results being obtained from single observations. In confirmation of this view, it will be seen presently that these observations give far more satisfactory results when employed without any reference to the simultaneous observations at Geneva and the Great St. Bernard; and also in the above Table we may notice that, after crossing the Bonhomme, in those cases where the heights determined from the two fixed stations differ from one another to any considerable amount, that obtained by reference to the Great St. Bernard generally approximates more nearly to the height as previously determined than the other, obtained by a comparison with the more distant station.
The numbers in the tenth column which are the sums of the two values, the height above Geneva and the depression below the Great St. Bernard, as determined by ob servation, should, supposing both theory and observations to be perfect, give the con stant value 6836, which is the difference of height of those two stations; but this difference will vary when determined by means of each pair of barometric observa tions, the standard value 6836 being the mean of a very considerable number. Now it is very evident that were it not for that term in the formula which involves the correction for the expansion of the air, the sum of the above values would give the difference of altitude, however erroneous the intermediate observation might be: for calling b'y bn and b'" the three boiling-points, we should have
4 8 ( b '-b " ) -2 4 l> + 4 8 (b " -b ," )+ 2 4 J )= 4 8 { b '-b '" ),
The observation, therefore, of the external temperature at the intermediate station becomes the means of rendering the accordance of the sums of the component alti tudes with the whole height between Geneva and the Great St. Bernard, as deter mined in each case, a test of the correctness of the observation of the boiling tempe rature. We may in fact, by equating the formula for the whole height with the surn * All who have traversed the Pass of the Bonhomme are aware that in crossing to the south, upon Chapiu, the tract rises considerably after passing what ought to be and, I believe, is considered the " Col,'' viz. the point from which a view of the mountains of the Tarentaise is first obtained 5 this point is marked by a cross, larger than usual on most passes, and than any of the numerous others on this pass. This cross I believe to be the " Croix du Bonhomme" of De Saussure, and it was at its base the observation above referred to was made. t See note, p. 131.
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of those expressing the two component heights, arrive at an expression for the inter mediate boiling-point in terms of the atmospheric temperatures at the three stations and the upper and lower boiling-points; such an expression is
*"= 1 • { TC?--* ' + i"'+8-4 }
where T, t and T* are the temperatures at the stations where the boiling-points are respectively b', b" and b"1; but this, when put in the form , = ^. { W = E + , 4 } , shows us that an error in the value of t, of trifling moment where that value is to be employed in the determination of the difference of level, will cause an error in the resulting boiling temperature of very serious amount when used for the same purpose. Though this test cannot therefore be made use of in its full rigour, it will be highly satisfactory if an accordance can be shown between the results above referred to : the following, Table II ., exhibits a comparison of these values. The numbers in the second column are the differences of the boiling temperatures, in degrees of F a h r e n h e i t , deduced from the barometric observations at Geneva and the Great St. Bernard, which were simultaneous with those of my own made at the places named in the first column.
T a b l e II. It is to be observed, that the differences of height determined by the two methods do not differ from one another in any single case by so large a quantity as do the greatest and least difference of level in the fourth column, determined from the ba rometric observations at the two places; while in many the accordance is almost perfect. One of the most satisfactory results in this respect is, however, that derived from the observation No. 2. at Mogadino, which appears from Table I . to be one of those least likely to be correct, since it places the surface of the Lago Maggiore much below its possible level. This alone sufficiently shows that the accordance above remarked can only be taken as a general indication of the accuracy of the in strument.
Having thus shown that the instrument is perfectly capable of furnishing correct data for the determination of difference of level, though apparently its indications cannot in all cases be relied on, it becomes further interesting to inquire how far it may be depended on when made use of without reference to corresponding observa tions at any fixed station. It is obvious that the accuracy of a series of heights thus obtained must, to a certain extent, be vitiated by the diurnal changes in the atmo: spheric pressure, but it will be seen that this source of error does not operate to the extent that might, & priori, be supposed probable, and that, whether from a fortuitous balancing of errors, or from some other cause, the discrepancies in those cases where the previously determined height is probably most near the truth, are less considerable than might be expected. In order thus to obtain the results given in the following Table III ., it became necessary again to modify the standard formula on account of the instrumental error. By multiplying the correction, C = '0433, by 548 we obtain it in the form of a difference of altitude for each degree of observed difference of boiling temperature at two successive places of observation, to be added to the factor 548 to form the constant multiplier for this particular instrument. We thus obtain 548 X 1*0433=571*72, or, with sufficient accuracy, 572.
The working formula then becomes H=572(&-#).{l + (*-32°)*00222}. In the following Table, in which the results have been calculated with this formula, the differences of level are determined from station to station in the order in which the observations were made, and, in case of two or more observations having been made at the same station, those most approximate in time have been employed. Taking the station at Geneva as a starting-point, and assuming its level, derived from that of the surface of the lake given in the Biblioth&que Universelle de G£n&ve, to be 1264 English feet above the sea level, the calculated differences have been added to this in succession, and the altitudes by observation obtained. Though the discrepancies in these results, when compared with the previously de termined altitudes, appear very considerable, they are probably in most cases not more so than would have resulted from the employment of the usual form of baro meter. I am led to this conclusion from the inspection of D e Luc's series of baro metric measurements, wherein the determinations of the height of the same station at different times frequently differ from one another 250 feet, and, in one case, as much as 360 feet. The greatest error in the above table, viz. that at Aosta*, 400 feet, certainly exceeds either of these, but there is, I think, good reason to suppose that the observed height at Aosta is not so erroneous as the comparison with D e S a u s s u r e 's result makes it appear to be, when we remark that the height of the Great St. Bernard determined from it is one of the most accurate of the series, and also that the observations made the next day at the Great St. Ber give the same difference of level, within twenty feet.
The only other instance in which I was enabled to repeat an observation after the ascent of any considerable height occurred at Chamounix, and in it a tolerably close accordance in the observations before and after the ascent of the Montan vert is also to be remarked, though the height derived from the intermediate observation differs very considerably even from that given by Professor F o r b e s , which is however equally in excess above that by D e S a u s s u r e .
Since the calculation of the above results I have had an opportunity of comparing the instrument with a standard barometer, and have been surprised to find the in strumental correction, under the pressure 30 inches, very different from that ob tained above from the Geneva observations. I cannot assign any reason for sup posing an error in making these observations; indeed, every consideration induces me to believe that no such error could have occurred, but at the same time I find it very difficult to account for this change in the correction, unless it be partly attribu table to a difference in construction of the two barometers and partly to a differ ence in the degree of purity of the water, or to a change in the instrument itself; all of which suppositions are highly improbable. To whichever of the above causes this remarkable change is referred, I do not think it should be considered as vitiating the results derived from the recorded observations, since they have been connected with those made with the barometers by means of which the correction made use of has been determined; and moreover the time elapsed between the first and last re corded observations was only one month, and the sources from which the water was derived were in all cases so far similar as apparently to ensure its chemical identity with respect to boiling temperature.
The utility of an instrument to be applied to purposes which involve the necessity * The circumstances of danger under which the observation on the M61e was made, make me think that an erroneous reading is not unlikely to have occurred there, and I accordingly exclude it from consideration in these remarks.
of its removal from place to place under difficult circumstances, is not exclusively to be measured by the degree of delicacy or even of accuracy of its indications ; since however perfect it may be theoretically, when stationary, it can never be of practical benefit unless it be of such a construction as to bear the concussions and shaking it must be necessarily exposed to when conveyed in the manner in which it can alone arrive at the point where its agency is required. This construction has been attained in the instruments by means of which are determined the two principal coordinates of geographical position, under all circumstances involving difficulty of access to the place of observation, while the third, height above the sea , has had almost exclusively applied to its determination an instrument more liable than almost any other to suffer during removal, and, from its very nature, incapable of any great im provement in this respect. With regard to the instrument under consideration, J can, in reference to the above points, speak most positively; not only were the con cussions which it constantly suffered very considerable, but on two or three occa sions it escaped uninjured by blows which must have shivered any common barometer, however externally protected; and it has only at length been destroyed through having been inadvertently left boiling;-the water having evaporated, the increase of temperature of the empty boiler proved too great for the capacity of the tube of the thermometer, and the bulb burst.
Since writing the above my attention has been directed to the researches of H o l t z m a n n and M a g n u s , given in Vol. iv. Part 1 4 . of the " Scientific Memoirs," and I have applied the formula for the expansive force of steam deduced by the former, to the determination of an expression for the difference of level in terms of the difference of boiling temperature. Reduced to English measures, H o l t z m a n n 's result gives Even were this last difference greater, we must still rely upon De L u c 's until it can be shown that the results obtained with (III.) are more nearly in accordance with ob servations made under natural atmospheric pressures than those derived from (I.) have been found to be. The practical disadvantages of (IV.) are evident.
